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The aim of this work was the obtainment of Opuntia fícus-indica (L.) Mill extract for the development 
of cosmetic formulations and in vivo evaluation of its moisturizing effects. The formulations were 
tested for preliminary and accelerated stability. Organoleptic characteristics, pH values and rheological 
behavior were assessed. The evaluation of moisturizing efficacy of the emulsions formulated with 3.0% 
of Polyacrylamide (and) C13-14 Isoparaffin (and) Laureth-7  containing 1.0 and 3.0% of O. ficus-indica 
hydroglycolic extract (EHG001) was performed using the capacitance method (Corneometer®) and the 
transepidermal water loss – TEWL evaluation (Tewameter®). The emulsions formulated were stable, 
exhibiting pseudoplastic and thixotropic behavior. The results of evaluation of moisturizing efficacy 
showed increased skin hydration after five hours by mainly increasing the skin barrier effect. The 
formulations containing 1.0 and 3.0% of EHG001 enhanced the skin barrier effect by reducing TEWL 
up to four hours after application. The results observed suggest that O. ficus-indica hydroglycolic extract 
may act through a humectant and occlusion mechanism. 
Uniterms Opuntia fícus indica/emulsion stability. Opuntia fícus indica/cosmetic efficacy. Skin/cosmetics/
use/efficacy 
INTRODUCTION
The barrier function and maintenance of the water 
content of the skin largely depends on intercellular lipids 
and the natural moisturizing factor (NMF) present in the 
stratum corneum. A healthy stratum corneum under normal 
conditions has from 15 to 20% water content. When the 
amount of water declines to below 10%, the skin takes on 
dry characteristics (Barco, Giménez-Arnau, 2008; Baroni 
et al., 2012).
The active compounds used in cosmetics for 
skin hydration can be divided into two major groups: 
hydrophilic and lipophilic agents, which act by occlusion, 
as humectants, via active hydration by rearranging 
the stratum corneum and by inducing the formation of 
aquaporins (Caussin et al., 2009; Ribeiro, 2010; Bonté, 
2011).
Cosmetic formulations must present physical and 
chemical stability against factors such as temperature 
variations and vibrations from the transport of the product, 
have good spreadability and skin sensorial effect, as well 
as to promote the incorporation and release of the active 
compounds appropriately, besides ensuring the safety 
of the components that come into contact with the skin 
(Breuer, 1985).
In stability studies, several procedures are used 
to accelerate possible instability phenomena present in 
formulations, such as submitting them to temperature 
changes and temperature cycling, the application of 
centrifugal forces, and vibration (Tadros, 2004; Guaratini 
et al., 2006). 
Among the parameters evaluated in stability studies, 
the determination of the rheological behavior must be used 
not only to evaluate physical stability of formulations, but 
also as a parameter indicating the system quality and relate 
to the purpose of the product developed (Tadros, 2004; 
Guaratini et al., 2006).
Cosmetic products also have to be investigated 
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for efficacy and safety and bioengineering methods are 
used to assess the different situations. The applications 
of noninvasive biometrical methods are growing 
substantially and rapidly, including the determination of 
the effectiveness of natural ingredients in improving skin 
hydration (Piérard, 2002; Dal’Belo et al., 2006).
In this context, the measurement of transepidermal 
water loss (TEWL) is an indicator of the skin´s barrier 
function. It is a method of assessing the skin barrier 
integrity. However, capacitance measurement is also 
indicative of an increase or decrease in water within the 
stratum corneum. This electrical property of the skin 
provides information that allows hydration levels to be 
calculated (Fluhr et al., 1999; Dykes, 2002; Heinrich 
et al., 2003; Darlenski et al., 2009; Gonçalves, Maia 
Campos, 2009a; Byrne, 2010; Sotoodian, Maibach, 
2012).
Opuntia fícus-indica (L.) Mill (O. ficus-indica) 
is a Cactacea present in the Caatinga ecosystem, which 
represents an important source of food for animals and has 
economic importance (Ginestra et al., 2009).
Traditionally, species of O. ficus-indica are 
commonly used as a food source and for the treatment 
of arteriosclerosis, diabetes, hyperglycemia and gastritis 
(Ramadan, Mörsel, 2003; Stintzing, Carle, 2005). Thus, 
several studies have been conducted showing diuretic 
action (Galati et al., 2002a), antiulcer activity, increased 
production of gastric mucus and gastric protective activity 
(Galati et al., 2001; Galati et al., 2002b), wound healing 
(Park, Chun, 2001), antioxidant properties (Zhong et al., 
2010), a protective effect in cartilage alteration (Panico 
et al., 2007) and hypoglycemic action (Butterweck et al., 
2011). 
Fresh cladodes of O. ficus-indica contain 88 to 
95% water, 3 to 7% carbohydrate, 1 to 2% ash, 1 to 2% 
fiber, 0.5 to 1% protein and 0.2% lipids (Stintzing, Carle, 
2005). The specie is also a source of calcium oxalate 
crystals that have an important role in water retention and 
osmotic pressure regulation. This action is also exerted 
by pectins and mucilages. The carbohydrate fraction 
is mainly composed of glucose and galacturonic acid, 
minor amounts of arabinose, galactose, mannose, xylose 
and rhamnose, and also traces of fucose and flavonoids 
such as rutin, quercetin and isoquercetin, isoharmetin 
and kaempferol (Ginestra et al., 2009). The presence 
of these metabolites in the chemical composition is of 
great interest to the cosmetics industry and thus led to 
this research. 
The aim of this work was the obtainment of Opuntia 
fícus-indica (L.) Mill extract for the development of 
cosmetic formulations and in vivo evaluation of its 
moisturizing effects, after a single application while using 
noninvasive bioengineering techniques.
MATERIAL AND METHODS 
Preparation of O. ficus-indica extract
The cladodes of O. ficus-indica were supplied by 
the Agricultural Research Corporation of Rio Grande do 
Norte, Brazil (5º17’27,71” S, 36º16’27,63” W). A voucher 
specimen was deposited at the Herbarium of the Federal 
University of Rio Grande do Norte under number UFRN-
16600.
The hydroglycolic extract was obtained from fresh 
cladodes. The cladodes were washed with distilled water, 
cut into small pieces and left to macerate for 12 hours. 
Subsequently, the resultant mixture was percolated under 
a flow of 2 mL/min to obtain the extract. The extract was 
named EHG001.
Formulations studied
Ten formulations (Table I) were prepared with 
different types and concentrations of the structuring and 
emulsifier polymer used. The ingredients were named 
according to the International Nomenclature of Cosmetic 
Ingredients (INCI) convention. The preparation techniques 
were dependent on the polymers used. 
Formulations containing Sodium Polyacrylate 
(and) Hydrogenated Polydecence (and) Trideceth-6, 
characterized as emulsions, were prepared by the 
method of cold emulsification under mechanical stirring 
at 500 rpm (IKA, mod. RW 20 digital, Germany) for 
35 minutes until full dispersion and homogeneity of the 
polymer system was achieved. The emulsions formulated 
with Polyacrylamide (and) C13-14 Isoparaffin (and) 
Laureth-7 were prepared similarly, under mechanical 
stirring at 350 rpm for 20 minutes of homogenization.
The formulation prepared with Sodium Polyacrylate 
in gel form was prepared in one step. After hydration of 
the polymer, it was submitted to mechanical agitation (Ika, 
mod. RW 20 digital, Germany) at 500 rpm for 35 minutes 
until complete dispersion of the polymer and formation 
of the gel.
The obtained formulations were subjected, 24 hours 
after manipulation, to a series of organoleptic and physical 
(phase separation and creaming) analyses and rheological 
behavior. The incorporation of O. ficus-indica hydroglycolic 
extract was further studied. The extract was directly added 
to the final step and mechanical agitation was applied under 
the same conditions used for five minutes. 
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Stability studies
Physical analysis
The obtained formulations were analyzed for a 
series of organoleptic (color and odor) and physical (phase 
separation and creaming) parameters to identify potential 
unstable processes (Lima et al., 2008). Those stable 
formulations after physical analysis were stored in PVC 
pots and subjected to preliminary stability tests.
Preliminary stability tests
•	 Centrifugation test: After 24 h, the samples were 
submitted to cycles of 3000 rpm (Fanen, mod. 206 
BL, Brazil) for thirty minutes at room temperature 
(Lima et al., 2008). 
•	 Thermal stress: Formulations were subjected to tests 
in a heated bath (Logen Scientific, mod. LSBMLS 
2006-2, Brazil) set at the temperature range of 40 to 
80 °C, with increasing temperature at intervals of 5 
°C, which was maintained for thirty minutes at each 
temperature. The organoleptic characteristics, deter-
mination of the pH and electric conductivity were 
obtained to evaluate the formulations before and 
at the end at 80 °C, after the natural cooling of the 
samples at room temperature (25  ±  2 °C) (Braconi 
et al., 1995).
•	 Freeze-defrost cycles: Samples stored at 4  ±  2 
°C/24 hours (Mabe, mod. REMB460NFM2A2BR, 
Brazil) and 45  ±  2 °C/24 hours (Fanen, mod. 515, 
Brazil), thus completing a cycle. The organoleptic 
characteristics, determination of the pH and 
electric conductivity were obtained to evaluate the 
formulations before and at the end of the sixth cycle 
(12th day) (Lima et al., 2008).
•	 Determination of the pH: In a test tube, 1.0 g of 
formulation and 9.0 g of distilled water were added, 
homogenized and the pH value was determined 
by inserting the electrode directly into the sample 
(Hanna Instruments, mod. HI 21, Brazil) (Davis, 
1977).
•	 Determination of electrical conductivity: The electri-
cal conductivity of the formulation was evaluated at 
a temperature of 25  ±  2 °C by inserting the electrode 
directly into the samples (Logen Scientific, mod. 
CD-300-K1, Brazil) (Pianovski et al., 2008). 
Accelerated Stability Tests
The samples considered stable by preliminary 
tes t s  were  subjec ted  to  vary ing  condi t ions  of 
temperature and time: 25 ± 2 °C, 4 ±  2 °C (Mabe, mod. 
REMB460NFM2ABR, Brazil) and 45 ±  2 °C and 75 ± 5% 
RH (Nova Etica, mod. 520-CLDTS 150, Brazil). The 
parameters were evaluated at different time intervals (24 
h after preparation of the formulations and on the 30th, 
60th and 90th days). The parameters analyzed in both the 
stability tests included macroscopic characteristics, pH 
values and rheological behavior (Ferrari, Rocha-Filho, 
2011).
Determination of viscosity: Determination of the 
viscosity was performed on a Rheometer (Brookfield-
model RV- EUA) cone and plate, which were coupled to 
Rheocalc software version V3.01 using the spindle CP 
52 and 0.5g of the sample at 25  ±  2 °C. Measurements 
were made using rotational speeds that progressively 
increased (1-10 rpm with variation at an interval of 2 at 2 
rpm) to obtain the ascending curve, and this procedure was 
repeated in reverse, with speeds that were progressively 
lower (10-1 rpm) to obtain the descending curve (Lima 
et al., 2008).
Evaluation of in vivo efficacy
This study was approved by the Research Ethics 
Committee of the University of Cuiabá (#2012-041). A 
total of 12 volunteers between the ages of 20 and 65 years 
with no history of previous skin disease were included 
in this study after having given their written informed 
TABLE I - Composition of formulations (% w/w) for incorporation of O. ficus-indica extracts
Ingredient F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
Sodium Polyacrylate (and) Hydrogenated 
Polydecence (and) Trideceth-6
0.5 1.0 2.0 3.0 - - - - - -
Sodium Polyacrylate - - - - 0.5 1.0 1.5 - - -
Polyacrylamide (and) C13-14 Isoparaffin 
(and) Laureth-7
- - - - - - - 1.0 2.0 3.0
Disodium EDTA 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Phenoxyethanol, Caprylylglicol 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Distilled Water   98.4 97.9 96.9 95.9 98.4 97.9 97.4 97.9 96.9 95.9
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consent. This study was designed as a one-sided blind, 
placebo-controlled study. The volunteers were instructed 
not to use any cosmetic products for two weeks before and 
on the day of the experiment, except cleaning products 
like soap. 
This methodology was adapted from Faria, 
Damasceno and Ferrari (2014) and Maia Campos et al. 
(2012). Prior to all measurements, volunteers were left 
in the room for at least 30 min in order to allow full skin 
adaptation to the room’s temperature (20 ± 2 ºC) and 
humidity (60 ± 5%).
Six sites on volunteers’ forearm skin were chosen 
(C1 to C6): one (C1) serving as the control where only 
measurements were taken, and the others (C2 to C6), to 
which different formulations, one without extract (vehicle), 
the formulation containing 1.0% of hydroglycolic extract 
of O. ficus-indica, the formulation containing 1.0% 
extractor solvent, the formulation containing 3.0% extract, 
and formulation containing 3.0% extractor solvent, were 
applied, respectively. All formulations were applied to 
the surface of the skin at a dose of 2 mg/cm2 with a light 
massage of approximately 10 s.
Stratum corneum moisture content was determined 
by noninvasive biometrical measurements using a skin 
capacitance meter (Courage & Khazaka, Electronic 
GmbH, Khöln, Germany) whereas transepidermal water 
loss was determined by an evaporimeter (Courage & 
Khazaka, Electronic GmbH, Khöln, Germany). TEWL 
values were registered for 2 min following a 30 s period 
of equilibration of the probe on the skin. The baseline 
measurements (control area–region which received 
no formulation) of skin hydration were taken after at 
least 30 min of acclimatization under standard climatic 
conditions. Skin capacitance and TEWL were determined 
before, and at 1, 2, 3, 4 and 5 h after a single application 
of the formulations to fields C2-C6 and to the control 
field without formulation (C1). For skin capacitance 
measurement, nine readings were taken in each field. For 
TEWL evaluation, one reading in each field was taken. 
Statistical analyses were performed using the 
software Graph Pad Prism 5. Univariate analysis of 
variance and the post hoc test were carried out by using 
Tukey’s multiple comparison test and Dunnet’s test 
(p<0.05 was considered to be statistically significant) 
(Ribeiro et al., 2015). 
RESULTS AND DISCUSSION
Formulations studied
All the formulations showed no changes in 
macroscopic parameters or phase separation, while 
no creaming was observed in the emulsions after the 
centrifugation test. Additionally, a linear relationship was 
not observed between shear rate and shear stress values, 
with a flow index below 1 indicating non-Newtonian, 
pseudoplastic behavior, characteristics desirable in 
cosmetic formulations (Guaratini et al., 2006; Tadros, 
2011; Vianna-Filho et al., 2013).
Minimal apparent viscosity and consistency index 
values were dependent on the concentration of the 
structuring and emulsifier polymer used. Although the 
values were not in accordance with the technical literature 
provided by the manufacturer (Rapithix, 2003; Sepigel 
305, 2013), these results were similar to those obtained 
by Anchisi et al. (2001) for formulations containing 
polyacrylamide (and) C13-14 isoparaffin (and) Laureth-7.
Anchisi et al. (2001) evaluated the influence of four 
plant extracts in formulations prepared with concentrations 
ranging from 1.5 to 7.0% Polyacrylamide (and) C13-14 
Isoparaffin (and) Laureth-7 and observed that the addition 
of the extracts led to a 20% reduction in the apparent 
viscosity of the formulations compared to vehicles. Thus, 
the formulations that showed the highest values in minimal 
apparent viscosity and consistency index (F4, F7 and 
F10) were chosen as the most suitable for incorporation 
of the O. ficus-indica hydroglycolic extract obtained and 
continuation of the studies.
Stability studies
Preliminary stability tests
Results of preliminary stability tests of F4, F7 
and F10 formulations with the addition of 1% EHG001 
are shown in Table II. Creaming, sedimentation or 
phase separation can result from gravity. Therefore, 
centrifugation can be applied to accelerate these instability 
processes (Tadros, 2004). No changes in the macroscopic 
parameters, phase separation or creaming of the emulsions 
after the centrifugation test were observed, representing a 
positive indication of stability. 
The F7 formulation showed statistically significant 
differences (p<0.05) after thermal stress when compared 
with initial pH values. Changes in pH values can indicate 
chemical reactions and degradation of the formulation 
ingredients and may also be related to the incorporation 
of pH-dependent components (Ferrari, 2002). 
One of the most used procedures for assessing 
phase inversion is to measure the electrical conductivity 
as a function of changes in temperature (Tadros, 2004). 
Decreases in conductivity values can be related to phase 
inversion (Tadros, 2004) while increases in these values 
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can be caused by three main factors: (i) diffusion of an 
electrolyte; (ii) phenomenon of coalescence; or even (iii) 
destruction of the oil interface (Wen, Papadopoulos, 2001; 
Pays et al., 2002). F10 formulation showed a statistically 
significant (p<0.05) decrease in electrical conductivity 
values after frost/defrost cycles while F4 showed a 
statistically significant (p<0.05) increase in values after 
thermal stress, all of which could be related to system 
instability. 
Preliminary stability involves screening tests and 
studies used in the initial phase of product development 
(Anvisa, 2005). These studies use extreme and different 
conditions to accelerate the potential reactions between 
components and demonstrate the most common instability 
processes of formulations (phase separation, flocculation 
and creaming) (Tcholakova et al., 2006). The conditions 
of these studies are not intended to estimate product 
shelf-life, but to provide formulation screening (Lima et 
al., 2008).
In this context, although the formulations showed 
significant variations in the evaluated parameters, when 
analyzed together, F4, F7 and F10 formulations were 
considered stable under conditions of the preliminary 
stability tests and were therefore evaluated by the 
accelerated stability tests. 
Accelerated Stability Tests
The parameters evaluated in the accelerated stability 
study included macroscopic characteristics, pH value 
and minimal apparent viscosity. Additionally, index flow, 
consistency index and hysteresis area were calculated 
to determine the rheological profile of the formulations. 
Results of accelerated stability tests are shown in Table 
III. The macroscopic characteristics of all formulations 
remained stable after the 90 days of study for the three 
storage conditions. 
The F4 formulation showed significant changes in 
the pH values of the samples stored at 25 ºC while F7 and 
F10 showed statistically significant differences for the 
samples stored at 25 and 45 ºC. 
Mahmood and Akhtar (2013) studied the stability 
of multiple emulsions containing green tea extract, and 
observed significant changes in pH values for those 
formulations stored at 40 °C. These variations were 
attributed to the degradation of green tea components. 
Therefore, the changes observed in the present study may 
be related to degradation of both the active components 
of the extract used and the structural components of the 
formulations.
The analysis of viscosity values showed significant 
variations for the F7 formulation stored at 4 and 25 ºC 
after 90 days of the study. According to Tadros (2004), a 
decrease or increase in viscosity during storage indicates 
instability of the system. For F4 and F10 formulations, 
no statistically significant changes in the viscosity values 
were evident over the duration of the experiment (90 days), 
indicating good stability of the samples.
According to the Cosmetic Products Stability Guide 
(Anvisa, 2005), the products have an acceptable variation 
of  ±  5%. The changes observed in pH values for all three 
formulations were below the values recommended by 
the Brazilian Health Surveillance Agency (ANVISA). 
However, the F7 formulation showed variations close to 
10% above the recommended values and was considered 
unstable. These results, associated with macroscopic 
characteristics, characterized the F4 and F10 formulations 
as stable. 
Addition of emulsifiers represents a commonly 
used method to stabilize the structure of emulsions for 
cosmetic products, besides the rheological characteristics, 
sensorial aspects must also be evaluated (Moravkova, 
Filip, 2013). Additionally, other studies (Anchisi et al., 
2001; Gonçalves, Maia Campos, 2009b) have reported 
the development of stable emulsions containing one of 
the polymers used in our formulations (Polyacrylamide 
(and) C13-14 Isoparaffin (and) Laureth-7) at different 
concentrations lower than those used in our formulations. 
Therefore, it is possible to relate the better structuring of 
the F4 and F10 formulations to the consequent impact 
on the rheological parameters, which had a network-
TABLE II - Results of preliminary stability tests of F4, F7 and F10 formulations added with 1% of EHG001
Formulation
pH values Electrical conductivity (mS)
Initial 
(After 24 h)
After frost/
defrost cycles
After thermal 
stress
Initial 
(After 24 h)
After Frost/
defrost cycles
After thermal 
stress
F4 6.70  ±  0.04 6.70  ±  0.04 6.77  ±  0.08 4.25  ±  0.20 4.31  ±  0.08 4.40 ± 0.10*
F7 6.61  ±  0.03 6.61  ±  0.02 6.70 ± 0.03* 3.08  ±  0.07 3.05  ±  0.05 3.12  ±  0.04
F10 5.71  ±  0.10 5.66  ±  0.06 5.72  ±  0.09 2.17  ±  0.04 2.10  ±  0.07* 2.17  ±  0.03
* p-value>0.05. Data were expressed as means and standard deviations. 
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structuring agent and emulsifier. By contrast, F7 had a 
structuring agent which proved insufficient to maintain a 
stable system under accelerated stability conditions.
The stable emulsions F4 and F10 showed non-
Newtonian behavior (Figure 1), given that they did not 
exhibit a non-linear relationship between shear stress and 
shear rate (Tadros, 2004). Flow index and consistency 
index were calculated using the Herschel-Bulkley 
model. The flow index values (Table III) were below 
1.0, indicating pseudoplastic flow behavior (Guaratini et 
al., 2006). Pseudoplastic behavior is suitable for topical 
application products where, after shearing, the initial 
resistance to the emulsion flow decreases, reflected in 
ease of application, a desirable rheological property for 
cosmetic products (Tadros, 2004; Guaratini et al., 2006). 
According to Tadros (2004), thixotropic products 
become more fluid when exposed to an external pressure, 
and spread more easily in the region where they are 
applied, whereby the initial viscosity recovers when the 
application ceases, as a function of time. The ascending 
and descending curves show hysteresis, often referred 
to as a thixotropic loop. The F4 emulsion (Figure 1a) 
shows the descending curve below the ascending curve 
and the hysteresis area (Table III) indicates thixotropy in 
the system. 
However, the F10 emulsion (Figure 1b) has 
some curves exhibiting thixotropic behavior and others 
exhibiting antithixotropic behavior. In antithixotrophy, 
the descending curves of rheograms are situated above 
the ascending curve, which may indicate that shearing can 
promote temporary aggregation (Dutschk et al., 2012). 
According to Dutschk et al. (2012), this variation can be 
caused by two main factors: lack of homogeneity in the 
emulsion preparation or the effect of pre-shear during the 
TABLE III - Results of accelerated stability tests after 24h and 90 days
F4 F7 F10
After 24 h
After 90 days
After 24 h
After 90 days
After 24 h
After 90 days
4 oC 25 oC 45 oC 4 oC 25 oC 45 oC 4 oC 25 oC 45 oC
Macroscopic 
characteristics N N N N N N N N N N N N
pH value 6.71 ± 0.04
6.69  ±  
0.07
6.85  ±  
0.04*
6.75  ±  
0.06
6,66  ±  
0.41
6.67  ±  
0.06
6.85  ±  
0.02*
6.78  ±  
0.03*
5.58  ±  
0.04
5.65  ±  
0.06
5.78  ±  
0.02*
5.74  ±  
0.03*
Minimal apparent 
viscosity
8287.07  ±  
184.81
8279.33  ±  
244.42
8208.80  ±  
305.82
7828.46  ±  
219.07
6173.69  ±  
377.42
6737.04  ±  
217.04*
6729.32  ±  
227.01*
6188.02  ±  
267.30
4779.09  ±  
272.09
4786.81  ±  
290.68
4726.18  ±  
269.72
4832.01  ±  
168.16
Index flow
0.33  ±  
0.03
0.28  ±  
0.03
0.28  ±  
0.04
0.28  ±  
0.02
0.43  ±  
0.05
0.38  ±  
0.03
0.36  ±  
0.02
0.33  ±  
0.02
0.30  ±  
0.05
0.23  ±  
0.03
0.26  ±  
0.03
0.24  ±  
0.02
Consistency index 47855.67  ±  9046.27
65406.00  ±  
13640.63
66610.78  ±  
17119.72
62132.00  ±  
7462.48
22496.56  ±  
6425.83
27707.11  ±  
10130.92
34460.89  ±  
3096.73
38946.22  ±  
4558.24
36613.56  ±  
10951.44
56053.56  ±  
11327.88
46039.67  ±  
8135.97
51972.44  ±  
7641.94
Hysteresis area 252.24  ±  188.87
275.56  ±  
132.02
313.65  ±  
162.99
379.33  ±  
60.20
-307.54  ±  
110.09*
-166.94  ±  
68.42*
-92.22  ±  
72.75*
-75.33  ±  
102.80*
-40.57  ±  
118.37*
76.07  ±  
117.20*
9.92  ±  
76.71*
91.06  ±  
96.21*
N = Normal; * p-value>0.05. Data were expressed as means and standard deviations.
FIGURE 1 - (a) F4 formulation rheogram after 24 hours and 
90 days, stored at 4, 25 and 45 ºC. (b) F10 formulation rheogram 
after 24 hours and 90 days, stored at 4, 25 and 45 ºC. 
Use of Opuntia ficus-indica (L.) Mill extracts from Brazilian Caatinga as an alternative of natural moisturizer in cosmetic formulations 465
transfer of the emulsion to the rheometer. 
Evaluation of in vivo efficacy
The evaluation of in vivo moisturizing efficacy 
was performed with the F10 formulation since, among 
stable formulations, this had the best sensorial evaluation 
(results not shown). In order to recommend a range of 
use and determine the influence of concentration of the 
extract, another formulation with the same composition of 
F10 containing 3.0% EHG001 extract was also prepared 
and tested. The latter was not subjected to a stability 
test. However, no phase separation was observed in 
the centrifuge test and organoleptic characteristics and 
homogeneity were retained throughout the duration of the 
experiment with volunteers.
All volunteers had mean Corneometer values of 
below 40 a.u. and were therefore categorized as having dry 
skin (Leite-Silva et al., 2013; Courage-Khazaka, 2014). 
Table IV shows changes in skin hydration evaluated by 
the capacitance method on the Corneometer®. A decrease 
in the values obtained for both the untreated control area 
(C1) as well as for the other areas that received treatment 
(C2 to C6) was noted. 
Three hours after topical application, the 1.0% and 
3.0% EHG001 formulations (C3 and C5) showed higher 
values when compared with the vehicle (C2) (statistically 
significant changes for C5 vs C2) and with applications 
of their corresponding formulations containing only the 
extractor solvent (C4 and C6). Only C5 showed higher 
values than the untreated control area, yet this difference 
was not statistically significant. Leite-Silva et al. (2013) 
found a similar profile when evaluating skin hydration 
and transepidermal water loss of coated zinc oxide 
nanoparticles. Although the values were higher than the 
untreated area, the test formulations were not statistically 
significant. According to the authors, in accordance with 
this study, the skin hydration profile showed a tendency 
to be higher after application of the formulations studied. 
The analysis of the data obtained five hours after 
application of the formulations showed a similar profile 
to that observed after three hours. At this time, C5 values 
were higher than C1 and statistically significant differences 
were found when C5 was compared to C2 and C6. Thus, it 
can be concluded that the increase in skin hydration may 
be attributed to the O. ficus-indica extract and not to the 
vehicle or the solvent (propylene glycol: water 80:20 w/w) 
used in the extraction process. 
The TEWL and skin barrier function evaluation 
showed that most of the volunteers had TEWL values 
below 10 g/h/m2 which characterized very healthy skin 
condition, according to the equipment manufacturer´s 
technical literature (Courage-Khazaka, 2014). 
Table V shows the result for the TEWL evaluation. 
It can be observed that, while the untreated control area 
(C1) showed a constant increase in TEWL as a function 
of time, the other treated areas had reduced or only slight 
increases in these values. Given the observed profile, 
use of ANOVA and Dunnett´s test revealed statistically 
significant changes in TEWL after 1, 2, 3, 4 and 5 hours 
when compared to baseline values. Additionally, using 
ANOVA and Tukey´s test, significant variations amongst 
C1, C3 and C5 values, 3 and 5 h after the application of 
the formulations were also observed.
Thus, 1h after application of the formulations, 
EHG001 formulations (C3 and C5) were associated with 
greater reductions in TEWL compared to other areas, 
demonstrating the improvement in skin barrier function 
evidenced by reduced TEWL and improvement in skin 
hydration. This profile was maintained until 4 h after 
application of the formulations, where beyond this point 
the percentage variation of C3 and C5 was no longer 
TABLE IV - Skin hydration values measured before and 1, 2, 3, 4 and 5 hours after topical application of formulations 
C1 C2 C3 C4 C5 C6
Basal 39.09  ±  4.88 38.99  ±  5.82 39.10  ±  5.38 38.26  ±  5.62 38.63  ±  5.55 37.93  ±  6.50
T1 36.86  ±  5.75 34.39  ±  6.10 35.76  ±  7.19 34.70  ±  6.60 36.54  ±  6.12 35.40  ±  7.22
T2 37.23  ±  5.86 33.81  ±  6.32 35.60  ±  6.22 33.55  ±  5.60 35.71  ±  5.33 33.89  ±  6.59
T3 36.26  ±  5.98 34.25  ±  6.87* 35.75  ±  6.57 34.45  ±  5.43 37.42  ±  5.79* 35.31  ±  6.94
T4 37.24  ±  6.09 34.98  ±  7.44 37.04  ±  7.48 34.84  ±  7.19 38.06  ±  6.23 35.55  ±  7.11
T5 39.07  ±  6.39 37.53  ±  7.38* 38.96  ±  6.70 36.87  ±  5.34 40.25  ±  6.41* 36.98  ±  6.70*
* p-value < 0.05 for ANOVA and Tukey. C1 = Untreated area control; C2 = Vehicle; C3 = Vehicle + 1.0% EHG001; C4 = Vehicle 
+ 1.0% solvents; C5 = Vehicle + 3.0% EHG001; C6 = Vehicle + 3.0% solvents; Basal = measurement performed before topical 
application. T1, T2, T3, T4 e T5 = measurement performed after 1, 2, 3, 4 e 5 h respective topical application. Data were expressed 
as means and standard deviations.
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statistically significant compared to baseline values 
(p-value<0.05 for ANOVA and Dunnett´s), although they 
continued to exert the effect described.
Figure 2 shows the percentage changes in TEWL 
values. While the untreated control area (C1) had increased 
TEWL as a function of time (17.24% and 20.36% after 3 
and 5 h, respectively), the areas where the 1.0 and 3.0% 
EHG001 formulations were applied decreased in this 
parameter as a function of time. The protective effect of 
skin, and consequent reduction in TEWL, observed in 
C3 and C5 was higher than in C2 (vehicle), as well as 
their corresponding formulations containing the extractor 
solvent whose protective effect had already decreased after 
three hours. Thus, it can be concluded that at one hour after 
application of formulations containing O. ficus-indica 
hydroglycolic extract, the protective barrier function of 
the skin is promoted, an effect that persists until 4h after 
application of the formulations. At this time, there was a 
decline in the barrier function promoted by 1.0 and 3.0% 
EHG001 formulations. 
The appeal of using cosmetics with moisturizing 
effects related to plant extracts is large. Thus, Kapoor 
and Saraf (2010) assessed the hydration effect of twenty 
commercially available herbal moisturizers, containing 
different herbs, on human skin, through the capacitance 
method, some of which increased the level of skin 
hydration by 80%. However, in the cited study the authors 
attributed the hydration increase to the incorporated herbs 
without mentioning or analyzing the extracting solvent 
alone. The design of the present study allowed us to 
identify whether the moisturizing effect was truly due to 
the extract studied. 
Leite e Silva et al. (2009) evaluated stratum corneum 
hydration after treatment with different moisturizers 
containing urea, herbal extracts, NMF components and 
carbohydrate compound as active substances. The authors 
observed that the gel added with urea and the carbohydrate 
derivate produced the most intense moisturizing effect. 
In this context, another study was performed 
regarding the  mois ture-preserving ac t iv i ty  of 
polysaccharides extracted from papaya using an in 
vitro system and the moisture absorption and retention 
compared to hyaluronic acid and glycerol was observed. 
This showed the potential to be used as a natural 
moisturizer (Zhang et al., 2012). Wang et al. (2013) 
studied moisture-absorption and retention of seven 
polysaccharides from algae and the results showed that the 
all of them had a better effect than hyaluronic acid. In this 
TABLE V - TEWL values (g/mm2.h) measured before and 1, 2, 3, 4 and 5 hours after topical application of formulations 
C1 C2 C3 C4 C5 C6
Basal 5.39  ±  4.20 6.90  ±  3.88 8.22  ±  5.08 7.27  ±  1.98 9.10  ±  3.50 8.71  ±  1.86
T1 5.57  ±  1.70 5.89  ±  1.87a 7.39  ±  1.66a 6.84  ±  1.73a 7.84  ±  2.57a 8.34  ±  2.08a
T2 6.01  ±  1.30a 6.48  ±  1.53a 7.50  ±  1.71a 7.26  ±  1.90 8.77  ±  2.08a 8.20  ±  2.02a
T3 6.32  ±  1.48ab 6.65  ±  1.21a 7.60  ±  1.57ab 7.87  ±  1.44a 8.48  ±  1.56ab 8.91  ±  1.44
T4 6.22  ±  1.42a 6.76  ±  1.26 7.01  ±  1.58a 7.72  ±  1.30a 8.70  ±  1.33a 8.34  ±  2.11a
T5 6.49  ±  0.99ab 7.18  ±  1.00a 7.98  ±  1.91ab 7.77  ±  2.45a 9.23  ±  3.26b 10.10  ±  4.90a
a p-value < 0.05 for ANOVA and Dunntts; b p-value < 0.05 for ANOVA + Tukey. C1 = Untreated area control; C2 = Vehicle; C3 = 
Vehicle + 1.0% EHG001; C4 = Vehicle + 1.0% solvents; C5 = Vehicle + 3.0% EHG001; C6 = Vehicle + 3.0% solvents; Basal = 
measurement performed before topical application. T1, T2, T3, T4 e T5 = measurement performed after 1, 2, 3, 4 e 5h respective 
topical application. Data were expressed as means and standard deviations.
FIGURE 2 - Percentage changes in TEWL values calculated 
before and 1, 2, 3, 4 and 5 hours after topical application of 
formulations. C1 = Untreated area control; C2 = Vehicle; C3 = 
Vehicle + 1,0% EHG001; C4 = Vehicle + 1.0% solvents; C5 = 
Vehicle + 3.0% EHG001; C6 = Vehicle + 3.0% solvents; Basal = 
measurement performed before topical application. T1, T2, T3, 
T4 e T5 = measurement performed after 1, 2, 3, 4 e 5 h respective 
topical application.
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way, different studies (Lins, Pereira, Hünenberger, 2004; 
Futrakul et al., 2010; Ribeiro, 2010; Ohtake, Wang, 2011; 
Wharton, 2011; Du et al., 2013) using plant extracts have 
attributed moisturizing efficacy to polysaccharides even 
when used in low concentrations.
In addition to the polysaccharides, polyphenols, 
among them flavonoids, are of great importance in 
cosmetology due to their antioxidant action and benefits 
to the skin (Gianeti et al., 2013). Gianeti, Mercury and 
Maia Campos (2013) evaluated the effects of cosmetic 
formulations containing green tea hydroglycolic extract 
rich in polyphenols. Skin hydration and TEWL were 
studied, concluding that the formulations containing green 
tea extract promoted an increase in skin hydration and 
moisturizing effect.
Ribeiro et al. (2015) studied nanoemulsions 
containing 1.0 and 3.0% of O. ficus-indica hydroglicolic 
extract obtained by the same method used on our research. 
The authors observed a statistically significant increase of 
skin hydration after the application and this effect lasted 
for 5 h. However, they did not observe a statistically 
significant alteration of TEWL and barrier function 
when compared with basal measurements. This could 
be associated with the smaller droplet size compared to 
our conventional emulsion, which increases permeability 
through the skin layers (Morganti, 2010) and proves 
that the vehicle could influence the moisturizing process 
mechanism (Polaskova, Pavlackova, Egner, 2015; Ribeiro 
et al., 2015). 
Considering that the literature reports the presence 
of carbohydrates and flavonoids in the chemical 
composition of O. ficus indica cladodes, we suggest 
the moisturizing effect of the stratum corneum and the 
barrier effect and reduction in TEWL values promoted 
by O. ficus indica extract may be related to the presence 
of these metabolites, suggesting a humectant and mainly 
occlusion mechanism. 
CONCLUSIONS 
Under the experimental and standardized conditions 
in this study, it was concluded that the F4 formulation 
(3.0% Sodium Polyacrylate (and) Hydrogenated 
Polydecence (and) Trideceth-6) and the F10 formulation 
(3.0% Polyacrylamide (and) C13-14 Isoparaffin (and) 
Laureth-7) with addition of 1.0% EHG001, were stable. 
The evaluation of in vivo moisturizing efficacy was 
performed with the F10 formulation with the addition of 
1.0 and 3.0% O. ficus-indica extract in order to evaluate 
the influence of the extract concentration.
Results showed that the formulation with 3.0% 
EHG001 increased skin hydration after five hours 
compared to the vehicle (7.25%) and to the corresponding 
formulation containing the extractor solvent (8.85%). 
The formulations containing 1.0 and 3.0% EHG001 
both increased the skin barrier effect by reducing TEWL 
(6.84 and 14.66%, respectively) up to four hours after 
application when compared to the untreated control area, 
the vehicle and the solvent formulations. The emulsion 
with 3.0% EHG001 shows both an increase of skin 
moisturizing and a reduction of the TEWL and in this 
way, demonstrated the best moisturizing effect. Thus, 
we can conclude that the increase in skin hydration and 
barrier function may be attributed to the O. ficus-indica 
extract and not to the vehicle or the solvent (propylene 
glycol: water 80:20 w/w) used in the extraction process, 
suggesting a humectant and occlusion mechanism. 
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